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SECTION 1.0

INTRODU CT ION

In 1975, the Radio Astronomy Explorer-B (RAE-B)

satellite will be placed in a llO0 km-altitude circular

orbit around the _Ioon to make radio astronomy measurements.

The purpose of the simulation study described in this

report is to determine the 136 biHz and 400 MHz noise temper-

ature of the ground network antennas which will track the

RAE-B satellite during data transmission periods. Since the

noise te_nperature of the antenna effectively sets the Signal-

to-Noise Ratio (SFH<) of the received signal, a knowledge of

SNR will be helpful in locating the optimum time windows for

data transmission during low-noise periods.

Antenna-noise temperatures at 136 MHz and 400 MHz will

be predicted for selected earth-based ground stations which

will support RAE-B. Telemetry data acquisition _ill be at

400 MHz; tracking support at 156 MHz will be provided by the

Coddard Range and Range Rate (RARR) stations.

The antenna-noise temperature predictions will include

the e_fects of galactic-brightness temperature, the sun, and

the brightest radiostars. Predictions will cover the ten-.

month period from March i, 1973 to December 31, 1973. The

RAE-B mission will be especially susceptible to SNR degrad-

ation during the two eclipses of the Sun occurring in this

period.

The body .of this report is divided into three parts:

o

Development of Fquations

Computer Progra_l Description

l';orsl-Casc ":nal)'._js Resu.lts



o_.

The worst-case analysis is a "first-look" approx-

imation to determine preliminary estimates of antenna-noise

temperature profiles. A more refined computer program is

being written that predicts antenna-noise temperature more

accurately b_" utilizing complete models of the antenna patterns

and station _ocati, on geometry. The refined model is based

upon the Satellite Data Quality Program previously developed

for GSFC/NASA under contract Number NAS 5-11736 PCN-S25-W-

70446.



•SECTION2.0
PROGRAMDESCRIPTION

2. i DEVELOP,\IENT OF EQUATIONS

Four sources of antenna-noise temperature are con-

sidered ill this study:

g

O

e

O

Sky-Brightness Temperature

Sun

Radio Stars

Antenna Back Lobe Noise Temperature

Total Antenna-Noise Temperature

The formulation utilized within this program ham

been previously utilized in the.Data Quality Prediction

Program [I] developed by Wolf Research _ Development Corp.

for NASA/GSFC under contract NAS 5-II736 DCN 523-1%70446.

The equations presented in the following are taken from

References i and 2.

a) Sky-Brightness Temperature

Kraus [3] develops the following formulation for

sky brightness temperature

0=90°-00 0227

_ 0_ T (8'_) G (0'¢) sin0_0_

TSKY=

0=90 °- 0"o @=2_

f0 f0 G (0'¢) Sin 0_0_¢
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where

00 .

T(O

elevation angle between antenna's boresight •

axis and the horizon, de.grees

.-j

is the noise teinperature distribution of the

galaxy (excluding the sun and 1)redom_nant

radio stars) obtained from References 1 and 2.

6(e ,¢J is the lossless antenna gain distribution.

0 and ¢ are the orientation angles defining the

position of a radial surface element within

the celestial he,uisphere.

Figure 1 shows the physical relationshiD of the

variab]es given in tl_e above equations. The doui_ie integral

is computed by rectangular integration assuming that the

antenna borcsight is directed at the center of" the Moon's

optical, disk. The antenna patterns and brightness tempera-

tures are accessed from magnetic tape storage in the computer

program.



MAIN LODE"

SIDE LOBE

Figure I. Relation. of Antcnr_c P,Jtlern to Celcr-Iiel Sph,;re.



This program required the use of an accurate radio-sky

map which covers the celestial sphere completely, for both

136 Mllz and 400 MHz. Since detailed sky-brightness temperature

contours were not available at these frequencies, it became

necessary to scale either existing radio maps in temperature,

or to generate a composite map from various smaller maps. The

136 Nttz and 400 _.IHz sky-brightness temperature maps, appearing

in Appendix A-B, were prepared in this manner.

The 136 NHz radio map was scaled from data at 150 MHz,

published in 1971 by Landecker and l_'ielebinski (Reference 4).

The following relationship was used for scaling:

'_2.4
T136 = T150 \1-_/ degs. K.

Reference S was utilized for the conversion of galacti c ...

coordinates, employed by Landecker and _ielebinski, into the

necessary equatorial coordinates required for this program.

The 400 _IHz radio map, appearing in Appendix A-3, is

a composite map formulated from the sectional maps published

in 1962 by Pauliny-Toth and Shakeshaft {Reference 6), and

"in 1956 by Droge and Priester {Reference 7).

b) Sun

Tbc contribution of the sun to the antenna-noise

temperature is given by Berkowitz [8] as:

2
Tb, assuming 8 >> 0_. S

"6



where

0
S

0 a

= Angulc, r radio diameter of sun's apparent temper-

ature model, degrees; assume @s _ 0.66° at 136

Mltz and 400 _ffJz
b

i

= llalf-power beam width (ltPBrQ of symmetrical

antenna main lobe.

Tb = 8 x 105 K for quiet sun ideal model at 136 MHz,

and. 6 x 105 K at 400 MHz.

c) Radio Stars

The fo].lo_'ing equation is used by Taylor [1,9] to

compute antenna noise power, rise due to a point-source radio

star:

M X2

_ 1 G " G(O}N, = - P = DOAf
2 4_

n=l

for a single polarization,

where

M - is the number of radio stars

D
O

is the observed radio star noise flux density,

wm'2l/z -I constant over band_;,idth _f.



wave length of transmission

G
P

pe:,,k antenna power gain, above isotropic

G(0)- aatcnna gain attenuation at angle O off-boresight

i.e., G(O)=I for O =0.

Note that the antenna-noise temperature is

T, - degs. K
kAf

where

N, = total noise power.due to all radio stars

within the antenna's radiation pattern

k : Boltzmann's constant, 1.38x10 "25 J/K

hf = noise bandwidth of receiver, Hz

d) Antenna Back Lobe Temperature" "

The black:body radiation of the Earth contributes to

the overall antenna-noise temperature by means •of the back

lobe of the ground antenna.

Based on Blake's data (Reference i0), the effect of

antenna back lobe temperature, TBACK , is approximated by

adding _ a constant .to the equation for antenna-noise temper-

ature as fol]ows:



136 Nllz TBACK = 75°K

400 I,illz TBACK .= 3._°K

e) Total Antenna-Noise Temperature

]'he total antenna-noise temperature, TTOT, is computed

by sum_dng each of the four contributions.

TTO T = TSK Y + TSU N + T, + TBACK

Antenna-noise temperature will be maximum at New Hoon,

once each month. A higher peak is reached once each ),ear

[December) when the Galactic Nucleus is eclipsed by the Sun,

during New Moon (see Figure 2).
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2.2 PROGRA),I LOGIC I:LOI;'

The folTowing logic steps determine the antenna-noise

te::_i_t, rature for each ground antenna 1,'hich I¢ill track the

I(AI'_-B :

w Each station is tested for a visible moon.

Antenna-noise temperature is computed for

each station having a visible moon.

O Antenna-noise temperature is recomputed at

periodic time intervals from Moonrise to

)loonset.

The equations and logic for each major pol_tion o£ the

program will now be described and followed by a Program flow

chart.

11



2,2.1 V:isibi]ityTest (Block 1 to 4 In Section 2.2.5)

as:

For each st:,tion, the zenith vector (TT) is computed

cos ¢ cos X]
T T = cos _ sin X

sin ¢

where

¢ is the geodetic latitude

k is the geodetic longitude.

h'hen the dot product of the moon's unit vector, TM, and T T is

n.egativc tile station is located below the horizon and the

antenna-noise temperature is not calculated. 1-M is coJnputed as:

I cos Qm cos Am]
cos _bm sin _m

sin Cm

wher e

Cm is the declination of moon at the time antenna-noise

temperature is computed

and

_J_l is the longitude of the moon.

12



Khcn the (tot product of TT and "rM is not negative the station
antenn_,-noise l-el:q;erature is calculated. This visibility test
is repeated for every station _,'ithin the sane time period.

2.2.2 Antenna-Noise Temperature Calculation (Block 5 to 16
]J-_3e_ion 2,Z. 5)

a. Contribution of Sun to Antenna-Noise

Temperature (Block S to I0)

In order to determineif the sun's radio diameter

falls within the antenna main lobe, the sun's position unit

vector (TS) is computed in the earth-fixed coordinate system

as

TS =
cos ¢s cos Xs]
cos @s sin is

sin Cs

where

¢s is the declination of sun at a given time and

Is is the longitude of the sun. ,

If the dot product of the moon's unit vector, JIM' and the

sun's unit vector, TS, is less than the half power beam width

of the antenna's main lobe, then the antenna-noise temperature

due to the sun is calculated as shown in Section 2.1. Other-

wise, the effect Of the sun is assumed negligible.

13



Contribution of Radio Stars to Antenna-Noise

Tc;._i;c,raturc (Block II to 14)

The position unit vector of each radio star is computed

_n the earth-fixed coordinatc system as

TSTAR =

Cst cos, SR]

¢SR j
ces sin XSR

Ls in ¢SR

.wher e

@SR is tile declination of radio star at a given

time

ISR is the longitude of a given radio star.

h:hen the arc cos of the dot product of the moon's unit vector,

TM, and radio star's unit vector, ][STAR' is less than one-half

the beam width of antenna main lobe, the computation is per-

formed as shown in Section 2.1. Otherwise, the effect of a

radio star is considered negligible. For each radio star, a

computation is performed. The antenna-noise temperature due

to all radio stars is the sum of the temperature for each

radio star.

C¢ Contribution of Sky Temperature To Antenna-Noise

Temperature (Block 15)

Sky-noise temperatures are stored as discrete values

at a'egular intervals. The total noise power is a function

of the ]_oise-teml'erature distribution of the sky, in convolution

]4



with the antenna ,,aJn distribution over the celestial sphere

(sho',:n J,_ Section 2.]). The numerical integration required

for Tsk), iF, ];orfor;:zcd utilizing the sky map.

dl Contribution of Antenna Back Lobe to Antenna-

Noise Temperature (B]ock 16)

Back lobe noise temperature is assumed constant at:

TBACK = 75 ° K (136 l,I!Iz) TBACK = 35 ° K (400 b_z)

e. Total Antenna-Noise Temperature (Block 16)

-The tracking station's total antenna-noise temperature

is the sum of contributions from the sun, radio stars, sky

backgrsm,d temperature, and Antenna Back Lobe £emperature.

2.2.3 Terminal Test

The above operations (Section. 2.2.1 and 2.2.2) are

performed for each station antenna, for the same time interval.

After all the stations have been tested for a visible moon,

the total antenna-n%ise temperature is computed for the initial

antenna-pointing angle; the computation is repeated at an

incremental pointing angele, until Noonset.

2.2.4 Output (Blocks 19 mid 20, Section 2.2.S)

Plots of antenna-noise temperature versus time, for

each st,qtion, are output usJ.ng the NOLF Plot Package

(R,2feren ce !1).

15



7.2.S |_),ro l,raIl; l:.lm; t;ii'lrl:

r,

, C,)
F; ...... I_ t Next .

1T =cos ¢ cos X
I

" IT.---cos ¢ co_ 1
3

1Tk=S in

11,1i=cos Irll cos )'in

IM.=c°s _m sin Xm
]

• - in Cm
1Mk-S

............._ 4

I

.... compute station's unit vector

---compute moon's unit vector

---dot product (visibili.ty tesl-)

Negative?

5

No
---perform temperature

calculation
b

are

Yes ---temperature is not computed

6
No
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=COS _ COS _,
IS i s s

IS. ,=cos
.1 _'s s_n Xs

1s._Sin ¢.9

g 8

---compute the unit vector• o£ sun

]0

Compute Sun
To,nl)erature

?.os 

_I 11

SR, =c°s ¢SR cos XSR

ISR. =c°s _'Sl_ sin XSR
J

- in #SRISRk-S

. ,,,, ,lJ

"I 7

---dot product of sun's and
moon's unit vectors

--compute radio star's
unit vector

---dot product .of moon's and
radio star's unit vector

J
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St._CTION3.0

S]?.II'I,IFI].iD CO_,!PUTA'FION"O]: AN'FEN:NA-NOISETEblPERATURE

3.1 API_IIO._:I:_IATIONSANDASSU;,IP'rIONS

$.

The SiT_plified Computation program uses the logic and

equations in Section 2 to predict the _,orst-case antenna-noise

temperature for the ground station antennas. This program

utilizes a nmaber of approximations to obtain quick-look

worst-case results. This program is based upon the following:

• Time span for observation is for the last ten

"months in 1973 (_Iarch 1 to December 31). The

time interval for computation is variable between

10 minutes to 60 minutes, the time span per run

being variable.

o Ephemeris tape (prepared by the Jet Propulsion

Laboratory (JPL)) provides x,y,z coordinates

(referenced to equinox) of Sun and 1.!oon at any

time. The station unit vector is computed from

right ascension and declination, instead of

geodeti.c latitude and ]ongitude.

3! Antenna radiation pattern is approximated by

an ideal, rectangular, gain distribution corre-

sponding to the half power beamwidth of the main

lobe. Effects of antenna side lobes are consid-

ered negligible with the exception that if the

first side lobe impinges upon the Sun or the

Galactic Nucleus, a uniformly-illuminated side-

lobe of the appropriate gain is also emp]oyed

in the calculotion.

]9



, Center of l.be ]unar disk is assumed aligned with

1he antc';_na's l_oresJ.:;ht axis.

Program ignores ar, tenna back lobe temperature.

3.2 SIIqPLIFIED CO_.IPUTA]'ION RESULTS

3.2.1 l'_orst Casc__Temnerature Profiles for 1973

The maximum antenna-n0ise temperature is computed at

]36 _,IHz and 400 El,'z for each station on every day between

March i, 1973 and DecembEr 31, 1975. This date • is sho_-:n in

FigurEs 3 through 15 which show the envelopes of the peak daily

temperatures. The measurEmEnt interval in each case is 60

minut:es. Figures 3 through 8 plot the antenna-noise te_,,p-

7er,_ture at 136 b,tt., for the VIIF Range and Range Rate

antenna (p, AP,ll) for a]l tracking stations supporting this

antenr.a configuration. Figures 9 through ii give the temp-

erature profiles for the 8S-ft. (26-m) diameter antenna

at 400 M[Iz, and FigurEs I0 through 13 show corresponding

data for the 40-ft. (12-m) diameter antenna at 400 b|Hz.

Tile results show that a "cool sky" antenna-noise

temt:)erature for the 136 blllz antenna is approximately 500CK,

while the corresponding value for the 400 MHz antennas is

in the v_cinity of 25°K.

Antenna-noise temperature "hot spots" occur roughly

at 29 ½ day intervals, corresponding to a New bloon (dee Fig-

ure 3), when the Sun enters the antenna main lobe. The

"Astronomical PhEnomena For The Year 1973", issued by the

.Nautical A].manac Office, United States Naval Observatory,

_;':,:;h:ingten , D.C., gives the th_iversal Time (U'F) for a New

t.loon (cow_.rJng V.,.;:rch 1 to Decembcr 5]., 1973) as:

•20
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CW

_'loon
1.1a l-e

11,,,,arch 5

April 3

May 2

June i

June 30

July 29

August 28

September 26

October 26

November 24

December 24

tiT(hr. ,mi.n.)

ooh07 m

iih45 m

20h55 m

04h34 m

iih39 TM

!8h59 m

OSh2sm

13h 54 "m

03h17 TM

19h55 TM

15h07 TM
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3.2.2 F_ne-Grn_n Anal)'sls_o_ lliKlIT_erature Rc_.ions

" Fiooures 16 thorugh 21 show £ine-grain detail for

t)'pical high-temperature regions. The zero temperature portions

of those curves represent periods when the moon is not visible.

The l_ea1:sten,p_Jr,_Zurerecorded for each day is utilized as

data for the cur,,r.:ulative temperature envelopes given in Figures

3 th_'ough 15.
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SECTION .I.0

CONCLUDING RE_b_RKS

1'he ro._ult_ nf the sim.n]ified silnu]ation are expected

to be accurate :dthin t_:enty percent for the statio,_s em-

p2oying the VIiF RARR or 40 foot dish antenna. Ilowever, the

85 foot dish results may not be at the same ,level of accuracy

btcause tb.e maximum error introduced by the geocentric sim-

plification is almost the same magnitude as the half beam

width of the 85 foot dish main lobe (1.25°). This simplifi-

cation also causes a timing or phasing error in the temp-

erature profile of between one to two hours for all stations.

These preliminary resulr_ will be verified and re-

fined by the utilization of a more sophisticated program,

no_e under development, which does not employ the approxi-

mations of the simplified program. The temperature profiles

obtained from this program will be published in a subsequent

report.

Appendices A and B have been inserted to further

define the program.

4.1 ANGULAR F_RROR INTRODUCED BY GEOCENTRIC APPROXIMATION

Consider the following geometry of the ,noon, earth's

center and po.imts of moon rise and moon set on the earth's

surface

42



A

B D

A - moon's position

B moon rise

C - geocenter

D moon set

Angle ACD ACB = 90 ° since AC is the bisector of an

isosceles triangle

Angle ABD = ADB = 90* tan "I BC

_C --- Average Earth's radius 6378.155 km

AC =

tan i BC- (A_E)=

Average distance from geocenter

to sele_ocenter, 384000 km

0.0166 = 0.95*

Therefore, the angular error introduced by the geocentric

approximation is a maximum of 0.95*
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APPI'/,'I)2 X A

PROGRA,,! 1NPUT DATA

FOR SI,'.IPLiFIED PROGRAH

-

Time span for observation and interval of computation.

For the last ten months in 1973 {from March I, 1973

to December $I, 1973). The interval of computation

is variable between i0 minu_es to an hour. The span

per run is variable.

Name and location of the tracking stations are given

in Section A-1.

Antennas at 136 _111zand 400 Milz arc specified in

terms of :

a. ,_.lainLobe half po_;'er beam width

b. Second lob_ total beam width and gaiu factor.

i:

The tracking antenna patterns are displayed in

Section A. 2.

Sky Map. Both 136 Mllz and 400 Mllz brightness tempera-

tyre maps are on tape which are accessed by the pro

gram. Contour plots of these data are given in Section

A-3.

Jet Propulsion Laboratory emphemeris tape. This tape

is accessed to obtain the positions of moon and sun.

Radio Star Locations. 'there are five radio stars at

both 136 _.IIIzand 400 hllz (in Section S.S).

The right ascension, dec].in.at_on and noise power for

each radio star i': shown in S('ction A-4.
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AKP, ,_vt_e""",.-,,,,.,,:,..,FI.O,'; CIIAR,']'S

,m

o.

Th,is :;,,,c.t_on ¢l,:'sc.r]bes each procc,._sing step in the

si;:_p]if]ed pro_:r,':.__ind is follo:.,'e:l))7 an equation flow

dj_,gra;:l v.'h]ch shows tl'e cormutatJon:',l flov and lop,_c

brc:vthcs.

Find o: (right ascension) and 6 (declination) of moon

and sun _:t inertial time from the

OPl,'ephc!.teris tape, where the (x,y,z) of Sun and

(x,)-,z.) of >!oon (coordinator referenced to equinox)

are given.

Then

s

" tan" 1 y

x

and

module ((_, 2_I-)

I' 0



, Use x,)'_z coordinal(, to cc::nmte th(: unit vector,

1.hc':_.ca]cc,/::te t].,e .'::_L!cbet-,,.:een,.,oon::nd Sun

For.u cnrth.-};:oon unit vector lm and earth-sun unit

vector ]
5

moon-earth- im

Note :

m

] °
ml

lmj

I
,

i

link

_ ..I

i
Y'Ifl •

]

X m

2
<Z+Ym_+Z m

Ym.

V_Zm2 +YmZ* Zm

Zm
I =

• ¢'XI}I ' 111 " nl

• ,.° ....... ° ................ . ............

I

Assumes antenna borcsJght is at moon's center.

sun-cart]: 1 •
S

"I

Isi I Isi

I
I

Isj I; Isj

I

I_1: _ 1- :;l,

X s

Ys

,_-',-'_,-7....._"
" )iS "' + _ s + Z :..'"

.C L'
.).,



b ° Calculate the anp, lc between Hoon and Sun. Use

two unit vectors T.s and T m compute cross product

(It,,,! , iTs I)

l'isi.bili, ty Test

a •
For each s%_,tion, use the Greem.,'_ch Sidcrca! TSne to

gct thc: pos_.iion in the _ci.]_e of obsc,rvt_tio!_.

Let.X be the cast longitude, @
g

of Grecm.,ich at ti_e time

be the right ascension

Ju]ian Date JD = 2433283.423_.365.2422(i973-1950)

+ Day of the )'ear interested.

JD-2415020.0

Fraction of Julian Century T =
36525

e
go

= 99'°,6909833+36000 °.7689T+0°.00038708T

.)

0 = O o + 0.25068447_:(,X!in.}
g go

a {right ascension) = O
g

= _IOD (_, 6.283185)

+ X

8 (declin,_tion), = 'latJ tu,,le



b . For each stai_on, the unit vector i's

1T =

!Ti 11.i = cos _ cos

]Tj ITj = sin e cos 6

1Tk 1Tk = s_n 6
I

TheJ_ c_]cul_,tes the Dot Product of t_._o unit vector

iT, g,. r,r • r

If the result of dot product is negative, set temper-
...

ature equal, to zero and contim, e tO test next station.

Othcr,.,,isc, select antenna corresponding to station and

the temperature of the antenna for that tine point is

teml,(:raturo of." station.

4. Sun temperature (Ts) calculation

sin-l(llml lTsl)--.- • < ] main lobe be::m width, performIf
-2

c ol:_p u t _ t i on.



OS ' =

T b --:
c'a]

angular dia:::cter of sun's apparent

temperature l::odel (~ • 66°).

OA = full bcar._width of sym.-.etrical antenna

main lebe. "

r b = quiet sun ideal model.

m6 x ]0 S K" fc)r 400 Ntlz:

8 x]O S l( ° for ].36 NHz.-

If any ant,'uma first side lobe would contain sun

y = 1/.2 0A (PRINARY) -+ e A (SECONDARY)

0A (PRI)DIRY) --- full beamv,'idth o'f mairL lobe.

OA (SE(:ONDARY) _- full bcamv:idth of first side lobe.

Perform co)._putation as before except substituting

OA (SECO..'.:I).,\I.W) -_ 0 A (I'I',J_,IARY) and multiply by

pov, er ga.in,

1)2



so, the com]mt:_tion is

T = Tb (:::%.120
S UA"

x 10

_2:.:cr p.ain
).0

Power gain (!}13):

(,.lye r a,- ¢, first
side loire gain)

-15.5 -- jn VIII" RARR system, 136 M[iz

-16.25-- in 85 I:7 ._ntenna, 400;,i!Iz

-30.0 --in 40 1:1' antenna, 400_',Itlz

Otherwise, set T s cqua].s to zero.

For each Radio Star cmrputo the position at prediction

timc: and if the anglo between the Hoon and Radio

Star is grcater than antenna hallf beam'idth, sot

the tcmperature du.o to Radio Star (TsTAR) equal to

zero, otherwise, cm;_putc the tempcraturc .

a ,
tltil.Jz_ng the right ascension and declination, compute

the unit vector. Co1:'putation" is the ,;amc as in 3.b.

(,);



|), Ca]cu]o.te the cross product of the "two unit vectors; if

sin" ] (j l_fx'}-S. 1,,., _ -:,.• v[) < }v main lobe- beam width, co;;:l;ute tile

c,,,pe ..... _.. due to the Radio Star, Othc, rwise, set the

tevi, uraturc equal t6 zero, then test ne×t Radio Star.

C, Con]rotation of R_dio Star tempe.rc_.tur,e

1 G ,_"'D

TSTAR -- - x r _o
2 4_ K

(Kelvin degrees)

%

6 r is the receiving antenna gain above isotrepic. (DI:,)

, ._...is the wave length 0neter).

D obsc_rvecl radio flu:c density (I';att m-.ZHz -x)O

, K Boltzmann's constant. (1.38xlO'23j/K)

t
I"

I

After tesl- al] fivo radio starts, add each temperature

to get the total tcmperature.

, Compute Brightness Temperature

From reference 2, the following formulation is givcn:



']'A =

0"-90°-0_ @=2._

_ _ °

• , 0

T (o,_,) G (o,¢) sin oaoa¢

G (0,¢,) sin o_0_¢

0
0

= elevation bet:.;ecn boresit,,,t axis and tl:e

horizon (deg.)

T(O,¢) is the noise temperature distribution of the

gP.]ax)' (excluding the sun and predomir_ant radio stars)

obtained froTa input data.

G(O,_,) is the lossless antem_a gain distribution.

0 and @ are the orientation angles defining the

position of a radial surface elcraent within the

celestial hemisphere.

In this program, the numerical method used to solve this

equation is as follows:

m

Frmu Moon's rSght ascension (a) and declination (5)

and main ]obc beam width (OA) , calculate:'

(_ +_. } OA ; 6 + ½ 0 A

(,:]



Cor;.'.:iqcl"th,.:.;o 1our pc,int'_ as vt.l-t_ccs oJ7 a Ycct.a}tlllo

and {_..u.',c t}_: tc1:q;craturc vc1]uc, s which :vrc .i.n the

rc.c t Jn_:].','. 'f]_,'n

}!',:C.c'(_tior,:

= Avc_'a[;c of each tc._q)L.l'aturc values that

_.e ,_"o cho;_ c.n

]5 ga]a,,.lic nuc.l,-'._s.;.;i',hi;};_:'ip.lobe and

socor,d ]{;t,c(c.} o£ e]'_tc.nj;c:,uso the

ave:lingo tcx-pc.ratu,'c }._ul.tJ.p]icd b), its l:m,.-er

gain, "]'h a "c ',.leans:

tlso.

L (-}ea + Os) ; _ + (_ e A + 9 B)

3;,,,,,e o rcctc.,.nglc, choose the tempo_'attn-e valuc.:s

_:,hicl) n_'C in t]3is _ectangle, thc:n

_L_gair,

TSK Y --. (Average tempcratu_'e) x 10 .lO



• Add 1.01;_] t.z:}::],er:_turc, due to Sun_ r_,.dJo stars :_r_d

l'a 1..';xy

1'= T
s TSTAR + 'I'sK Y

_Q

8

Aftc, r te:;t:i.n:4 all] t]':e stat:ic'.,_5, p]'J:,t the result

nnd _ncre.ase t,i_ae (plus Jnlerval) and repeat from

step 1

For each week, use WOLF Plot Package to plot the

result.

(; 7



]'].0,, _.llm. J

!.

,

'fhc ._v::ho!q.. ... o:_J ibci,', u:;cs are as fol].c_v:iug:

r 5 b)_) (__.J:':.'J'Y_j
1

I

......... k .......

I

Description of Operation

beinl; per£ormod

3

.........I......\
l\. ',_ il; \_

< ,PUEI'OSE /

\..........._/

Subrouti:-e or fur.,ction ca]l

where :

NM,!I:;--- subroutine called

PURPOS}7 -- description of

the purpose for

the call,

,

a] b]

a) Statenent number

b) Transfer to statement numbcr

,r) 6

Off l)C_.l,ocom_ector

t,,'_



#

)'I_1L_E:_::I I'l,I)','; _,11/.1(]'_

NOTIi" • gl(:p L:;::'.,-,r._ covv_::,]_m_d _,o ]_rcced_n_, soction numbers.

..'::!,c:!:..J

!

k:. .... "t-.......
,_,

!.U.,-!"_: \

\ 'i I'c'c..": /

Subrou':._ ne IIAI)C

= !),_1 :\._ .. (Y, X)

.i

6
=I)A'rAN (])SQ$_,I)

t) ()



._;k.tJi.__.

J I-

•, _ -- ._ ° ,_|

I

iy...........,
/ C t_t'!, !!:Y

L) ',_;3."

Cc.'.':,.(i'Fi-, -t h ,,' n

t

(Cp:.:p':t,:, l_;'it Veer.or)

• S.,W
i# i'

=X"+Y'+7

_iVT(SOY)

1 i -x/i TE:,_

I I-..q
lj =Yl_ .... "

Ik=Z/l'rE:-.1

SuI:routinc CROSSV

(Co_:,pu te Cross

el =lmjXlsk

- lmlzX 1 sj

C2=lmkXl sJ

- lmiXl.sl"

(_2.,..1 . xl

-1 x]
1,..1 c; I

Product)

Subroutine csine

(compute arc sin)

I?VA].I! 2 9'
=DSQRT (C1 +C2-

+C3 2)

AN(;I!L 1 "' • 1

=DARS ] N (1. \':d,l: ) t

I:

D(;'l'i I1!'l"
_-:,_\'.- ,__

xS"/, 2957

7u



s_t_c?. :'L

,I
Set SI ,'. t ; ,:';_ ' s

i.:,til::!c in

1
,L

'.--,_.,.i 77_'--x

_.

IM.)'fT }!i) X

b

I

leg \! ,,of , (.zal
'l'c v.,pe ra luro

Stcp l-(ill_i i F, e 1"0
4

S t c p

"'l/i, c

i

3

r

!

I
I

I
I
I

Sul?raul:ine J,l.]_:,Y

(Ce::']-,.!.:te Cr,evm.:i ch ',c. _.derc, q] T]:,_c)

Y]i=1973-]950 ]
_-.h o.) :.u .J , "r _'_l

+365."' _'': ..... l, I
," 't .., ,.., .'. I J'_ I

+Pay of the YI,'.]

36525.0" [

1'1ll-_i"
=951. 6909 833
+Tx36000. 7689
+T2xO. 0,59337(1S

TI !E'r

=_):_o_(T]}_-:T,

+TSI"Cx 0
60"--" 2S068

0 g=DbiOD ( 0 g
._6o)

I,

I

Subroutine IIRIV

[(:o:._pule tln]t Vector)

cc::¢',:xU. (I ] 7,153

6--._C,× 0.027a53

+

Subroutine DOTTEl]

(Compute DOT }'roduct)

S CA I.A !( "]
::],,.x] .+]...x I

l' 1 E t '1' "} [

] .Xl..,x] ". t
1!1"1 1 L, l:i '1 I

"] 1



';r......•'-:',:_ k"_'L"

":,iu.J :,.)'.-,

I

lYvs

(_ T_:;.:_. !L:c 7"

Step

r

I

I
i
!
I
J
I
I

I

I

ou_,rct:ti:_e Ca],_Jn

t(._'-.,p"_ - _'".,,.;_ "ici:;p o r a 1.tl l'e )

!]:;A

O'
.S

.°

0 A

!i

1t:RA1

= I',,A X I:R:\

i

T$

=Th x FP, A1

tl Yes .

.S
Po_.,'e}" .ga i n

] 0._-

V

:-.F.\LSE.



=..

St e,2__.

.I,

i':':__°e \

 .22/
V

• - _l,ohe?

_.Yes

( l_adio Star )--.-i

\ Temper-. / I

After "_ I
..... Al1(.c,) ju_ajo'" I '

Stars, Add Alll ]

Teraperaturcs J ]

I

t

"" ]

I

Sul;routjno C._I.RO

Frequcncyx 10 b

I,

(Co_;:l,ule Radio Star

'l'cr.q_e r a tnr.:'_

ER _ 2 x 2");_ K

l
__Lt --

'L'5.I,AR

FR
l_ x T:'I__.,..

73

[ Subroutine RG_,I
I
I

J
I
I
!

* I,=H,91: th of
Year

t I_

JYI:=1973
I Y_J).-. ] 9"50

IL._O,-:',.'_ -_O. 01745

l)I,I,O=
DC_0.01745

I

i _ubroutincIUXTV]
"i1_, is the

ISm_e.as St:

ITOt)t 1 l_e
"U.Y]V

_i_ IDescz'ibed
ross _ jl_efore

roduct 7 1

!
' ""_' - I

(C CS-_l '_1--_'' _ )l)escribedo_apu te _ _ Jl_c, f o re

l',C ..._/ I!



23

R_I

Compu-_.e
GALATIC
Nuc]eus

tien

_A

GALATI

Nucleus in

_lain .or Si_e
_Lcbc_--

Yes

26

leus in

in Lob(
Or

I

, O

/ ,'_;_,:,>.', \
/_hcos_ ._._ ':It _

/fe_p. i;" :.',::in" _

\Add i-ff_c: I

\ .o_ D,G:< /

r   ouJnAZ
(Compute Sky Temperature)

I
I
I

' t

Moon's RA(a)
=RA*ST. 29577

51con's DC(6)
=DCx57. 29577

ITH

= +1

S

IT_I+2B

I=I,ITHI ;J=I,ITHI

TSK

=SKYT,Xl(IR, JD)

+TSK

TSKY

_TSK
'9

ITH"

TSK'

=SKYTN(IK' ,JD')
+TSK'

i

TSK Y '

= (TSK' -TS}.)
9 ")

ITHI-- !TH-

,.dXPOh:ER ;" '

x'lO i0

GALATI=.FALS"E"";]_

75



I

Ii_creasc
Tit;ie Then

I)u From

Step I

1" = "FSU:_ 4- TSTAR ÷ TSK Y

• .;' :t •

?5




